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Background: Given the aging population, the quality of mental health of elderly people deserves special attention. The aims of this study were (1) to assess the difference of neuro-emotion based on EEG from the cognitively impaired elderly (CNE) and the cognitively normal elderly (CIE) participants viewing different color Ardisia mamillata Hance and (2) to determine which color Ardisia mamillata Hance has greater benefits for boosting their neuro-emotions.

Methods: The cognitive function of the participants was judged by using the revised Chinese version of the Mini-Mental State Examination (MMSE) scale combined with the daily cognitive performance of the participants, and the participants were divided into the cognitive normal elderly (CNE) and the cognitive impairment elderly (CIE). A total of 10 CNE volunteers and 10 CIE volunteers were recruited as participants for this study. For this study, two varieties of Ardisia mamillata Hance, green tiger tongue (GTT) with green leaves and red tiger tongue (RTT) with reddish brown leaves, were observed as plant materials. In total, six emotional indexes, including stress, engagement, interest, excitement, focus, and relaxation, were then measured by electroencephalography (EEG).

Results: RTT had the most positive effect on EEG neuro-emotion in the CNE group, with significant reductions in stress, engagement, and focus in the RTT test, while the combination of GTT+RTT had a positive effect on EEG neuro-emotions in the CIE group, with significant reductions in engagement and focus in the GTT+RTT test. No statistically significant differences were found for the interest, excitement, and relaxation index in the CNE and CIE participants in all tests.

Conclusion: Significant reductions were observed in stress, engagement, and focus values of the CIE participants in the RTT test, which indicated that the CNE participants were more relaxed. RTT is a reddish brown and warm color plant, so the CNE individuals should always have the warm color plants indoors or outdoors, which could help boost their neuro-emotions. Significant reductions were observed in engagement and focus values of the CIE participants in the GTT+RTT test, which indicated that the CIE participants were more relaxed. The combination of GTT+RTT test shows the combination cold and warm color plants; therefore, the CIE individuals should always have a combination of cool and warm color plants indoors or outdoors, which could help boost their EEG neuro-emotions.
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Introduction

With the aging population, people aged 60 years and older are expected to exceed 20% of the total population by 2050 (1). Currently, China has the largest population of older people in the world (2). According to a 2019 survey, people over 65 years old accounted for 12.6% of the total population in China (3). Based on a recent report from the United Nations, over a third of Chinese people will be over 60 years old by 2050 (4). Physical and mental health problems such as anxiety, insomnia, depression, loneliness, and cognitive impairment are easily induced among older people due to a decline in physical function and social isolation. Thus, in an increasingly aging society, the health of older people is a worthwhile research topic.


Plants and human health

Recently, much progress has been made toward understanding the relationship between plants and human health. A large number of scholars have reported that indoor plants have a positive effect on human health (5–8). For instance, one report showed that having yellow chrysanthemums on the table significantly increased meal times, food consumption, and vocalizations in patients with a psychiatric disorder (9). Fjeld et al. reported that total scores for fatigue, dry throat cough symptoms, and dry skin symptoms in participants decreased 21% after interacting with plants (10). The same team also found that discomfort symptoms in subjects who interacted with plants decreased by 21% to 25% compared with those who did not (11). Another study found that people interpreted the presence of plants as an air cleaner, and this made them feel more relaxed (12). Park et al. reported that patients in rooms with plants had greater pain tolerance and lower self-ratings of pain intensity than controls in rooms without plants (13). Dijkstra et al. showed that patients exposed to indoor plants had lower stress than the control group. Taken together, these findings suggest that indoor plants can reduce stress by increasing the attractiveness of rooms (14). As we all know, plants are an important part of nature, with functions such as ecology, beautification, and healthcare, and have a positive effect on the health life of the elderly too (15). Numerous studies have shown that exposure to green environments can lead to higher levels of well-being in older adults and lessen the intrusion of anxiety and stress (16–18). Meil X and others found that gardening activities that are in close contact with plants through rose pruning, cuttings, potted plant making, etc., can help the elderly to reduce loneliness and increase more positive and optimistic emotions about life, thus reacting to the body and achieving physical and mental improvement and, at the same time, good benefits (19). Zhang et al. studied the outdoor activity space of the elderly and found that vibrant flowers and plants can eliminate the negative emotions from them and make them experience the joy of life (20). Xiaox et al. researched the effects of bamboo on the physical and mental health of the elderly and found that bamboo can promote the mental health of the elderly. The stress value and attention value of the elderly were significantly reduced, and the relaxation value was significantly increased (21). Hassan et al. reported that the elderly had lower blood pressure, felt more comfortable and relaxed, and had lower anxiety levels after the plant task (22). Plants always have been utilized to release stress and depression and improve mood and psychological stability (23, 24).



Plant color and human emotion

Although humans perceive environmental information through their five senses, 70% of such information comes from vision (25). It is known that color is closely related to people's emotion. Many research efforts have focused on how color affects emotional response, which is termed color emotion research (26). There are two categories of research in this field: (i) experimental aesthetics of color or color preference, which involves dimensions of color evaluation, such as comfort or discomfort, and good or bad (27–29), and (ii) descriptive dimensions of color, such as warm or cold, bright or dark, and deep or light (30–37). Many reports have shown that plant color can have both positive physiological and psychological effects. Purple and green plant landscapes were shown to be more effective than yellow, red, and white plant landscapes in relieving anxiety, relaxing the body, and improving mood (37). Sadek et al. found that green plants were preferred by college students over green–red and green–white plants. In addition, green plants had a greater effect than other color plants in relaxing bodies and had a sedative effect on cerebral blood flow in sensory areas of the brain (38). Jialin et al. reported that red and purple flowers were the best choice for increasing happiness among subjects (20–35 years old), that yellow or red flowers have a better effect on stress relief, that white and blue flowers have the strongest effect on soothing tension, and that blue or purple flowers have the best effect on recovery of attention and cognitive levels (39). Another report found that a little bit of greenery in a limited space could deeply affect relaxation (40).



Study of neuro-emotions based on electroencephalograph

In recent years, many scholars have explored people's emotional changes by studying their brain response to plants: one of the ways is to test the neuro-emotion of subjects in the environment with plants directly by electroencephalography (EEG). This method is the most direct, and the value of various emotions (e.g., stress, engagement, interest, excitement, focus, and relaxation) can be directly read by software matched with the EEG. EEG has been used as clinical equipment to record neuro-emotions (41–44). For example, Lin et al. (45) reported that the neuro-emotional parameters of walking and sitting groups in an urban green space can be dynamically measured using EEG headphones. Their results showed that the valence and meditation values of the walking group were higher than those of the sitting group, indicating that walking is an efficient way to reduce stress. However, the focus value of the sitting group was higher than that of the walking group, suggesting that sitting has more benefit on the recovery of attention. Du et al. (46) used EEG to assess neuro-emotions in elderly people with normal and impaired cognition during flower arrangement. They found that focus value decreased in normal elderly participants, while engagement and interest values increased in elderly people with cognitive impairment. Zeng et al. (47) found that vegetation density (VD) and integrated sound environment (ISE) had significant effects on the neuro-emotions of college students, with higher VD likely leading to the expression of excitatory neuro-emotions. In the study by Neale et al. (44) used five neuro-emotional parameters provided by EEG to compare the walking status of the elderly in three different urban environments, and they found that compared with the busy and quiet urban environment, walking in urban green spaces has higher levels of “engagement” and better restorative effects in the elderly. Rodríguez et al. (48) used a portable EEG device to study changes in brain activity during negative emotion induction in a virtual park environment, compared the brain activity of participants before and after emotion induction, and found that both evoked their negative emotions (sadness), which supports this approach as possible tools to test emotions. Roe et al. used EEG to assess the restoration potential of viewing natural environments in a laboratory setting and showed that natural landscapes have higher “meditation” and lower “excitement” than urban environments, with better restoration benefits (49), which confirms the reliability of using the EEG instrument to study neuro-emotion. In this study, this method was used to measure the EEG neuro-emotion of participants.

Despite recent progress in exploring the effects of different plants on elderly's health, there is no research on differences in neuro-emotion between the cognitively normal elderly (CNE) people and cognitively impaired elderly (CIE) people viewing different colors of plants. For this study, two different color plants were selected as the visual stimuli for elderly participants in this study, namely, the green tiger tongue (GTT) with green leaves and red tiger tongue (RTT) with reddish brown leaves, which are variants of Ardisia mamillata Hance. The aims of this study were (1) to assess the difference of EEG neuro-emotion in the CNE and CIE participants viewing different color Ardisia mamillata Hance, and (2) to determine which color Ardisia mamillata Hance has greater benefits for boosting their neuro-emotions. The findings of the present study could provide guidance for different groups of elderly people to select suitable colors of plants to keep in homes or outdoors for good neuro-emotions.



Participants

Elderly participants were recruited on a voluntary basis from a nursing house in Wenjiang county, Chengdu city, China. The nursing house has more than 40 elders older than 60 years, which facilitated the recruitment of participants. People older than 60 years without severe cognitive impairment were eligible to participate. In this experiment, to determine the emotional stability of the participants, a revised Chinese version of the Mini-Mental State Examination (MMSE) scale was used to screen the cognitive function of the participants (50). In this scale, the full score is 30; considering the educational background of the participants, the score of cognitive impairment was given as follows: ≤17 points for no education, ≤20 points for primary school education, and ≤24 points for secondary or higher education. The degree of cognitive impairment (DMI) was as follows: mild ≥21, moderate10–20, and severe ≤9. In addition to the MMSE scores of the participants, it was also necessary to determine whether the participants had cognitive impairment, we combined the MMSE with the daily cognitive ability evaluation with the help of nursing home staff. As a result of sample screening, only 20 old people aged 80–90 years were eligible to participate in the experiment, including 10 cognitively normal elderly (CNE) participants and 10 cognitively impaired elderly participants (CIE). The DMI of the CIE individuals was moderate (Table 1). All the participants provided written informed consent. The experiment was carried out from 15 April to 18 April 2021 at 9:30–11:30 a.m. and 2:30–5:00 p.m. in a quiet indoor room measuring 3.6 meters wide and 6 meters long in the nursing house. The illumination, humidity, and temperature of the room were maintained at 500 lux, 50–55%, and 22–25°C, respectively.


TABLE 1 Participants.
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Plant materials

Ardisia mamillata Hance is an ornamental plant used in the study for both indoor and outdoor viewing, and it has two different colored varieties, namely, green tiger tongue (RTT) (Figure 1A) and red tiger tongue (GTT) (Figure 1B). GTT has a green leaf color, while RTT has a reddish brown leaf color. So, they were chosen to be used in this study. A total of 4GTT, 4RTT, and 2GTT+ 2RTT (2GTT were from 4GTT, 2RTT were from 4RTT) were used as the observation materials in this study, as shown in Figure 1. Before the experiment, the plant materials should be cleaned for use.


[image: Figure 1]
FIGURE 1
 Plant materials.




EEG measurements

Participants' brain wave signals were collected using emotional EPOC + EEG headphones (Figure 2A). The four cerebral lobes (frontal, occipital, parietal, and temporal lobes) were measured using 14 electrodes (O1, O2, AF3, F3, AF4, F4, FC5, FC6, F7, P7, T7, F8, T8, and P8) of the headphones (Figures 2B,C). Among them, the frontal lobe (F3, F4, AF3, AF4) mainly reflects emotion, language, cognition, and behavior. The temporal lobe (T7, T8) mainly controls language processing and audio-visual memory, the parietal lobe (P7, P8) mainly controls reception and sensory connection, and the occipital lobe (O1, O2) mainly reflects visual information in the brain. The collected EEG signals were inputted into a computer through a Bluetooth device (Figure 2D). Overall, six emotional values (stress, excitement, interest, focus, relaxation, and engagement) were recorded each minute by Emotiv Pro software to reflect brain activity and emotional change, and these emotion values can be read directly from the software.


[image: Figure 2]
FIGURE 2
 EGG Data collection.




Procedure

Before the experiment, the procedure was explained to all participants, and they were required to sit calmly for 5 min before starting. When the experiment began, the participants first underwent a blank test, where no plants were placed on the table (Figure 3A). Next, the three types of plants (4GTT, 4RTT, and 2GTT+2RTT) were placed on the table for participants' observation (Figures 3B–D). The plants were placed in a position where the participants could see them clearly and easily. For each test (EEG GTT test, EEG RTT test, and EEG GTT+RTT test), emotional values were collected once per minute for a total of five times in a 5-min test, and the average of the five test scores were used as the final test value. The duration of each test was 5 min. The interval between each test was also 5 min (Figures 3A–D).


[image: Figure 3]
FIGURE 3
 Experimental procedure.




Statistical analysis

Statistical analysis of six emotion values was performed by using SPSS 24.0 (SPSS, Armonk, NY, USA) software. The paired t-test was used to analyze differences between the two groups when the data showed normality and homoscedasticity; otherwise, the Wilcoxon signed-rank test was used to analyze the differences of both the groups.




Results


Differences in neuro-emotion value

For the stress value, in four tests (viz., blank test, GTT test, RTT test, and GTT+RTT test) conducted for the CNE participants, the stress value decreased, with significant decreases in the GTT test (t = 2.49, p <0.05) and RTT test (t = 2.82, p <0.05) (Figure 4A). while for the CIE participants, the stress value decreased (Figure 4A). These results showed that stress levels in both the groups were reduced in the presence of plants compared with no plants; however, compared with the CIE participants, the presence of plants has a more obvious effect on the stress reduction of the CNE participants.


[image: Figure 4]
FIGURE 4
 Significance of difference analysis between tests (**sig. <0.01, *sig, <0.05). (A) Stress. (B) Engagement. (C) Interest. (D) Excitement. (E) Focus. (F) Relaxtion.


For the engagement value, in the four tests for the CNE participants, the engagement value decreased significantly (Figure 4B), with the lowest value in the RTT test (t = 5.13, p < 0.01) and GTT+RTT test (t = 5.11, p < 0.01), while in the four tests for the CIE participants, the engagement value also decreased significantly (Figure 4B), with the lowest value in the GTT+RTT test (t = 2.65, p < 0.05). These results showed that participants in both the groups had the lowest levels of engagement in the GTT+RTT test.

For the focus value, in the four tests for the CNE participants, a significant decrease was observed in the RTT test (t = 2.30, p < 0.05) (Figure 4E), while in four tests for the CIE participants, the value of focus decreased significantly (Figure 4E), with the lowest value appearing in the GTT test (t = 3.76, p < 0.01). These results indicated that for the CNE participants, RTT has the best effect on reducing their focus value, while for the CIE participants, GTT has the best effect on reducing their focus value.

Regarding the excitement and relaxation values of the CNE and CIE participants in all tests, there was no statistically significant differences (Figures 4C,D,F).

Overall, RTT had the most positive effect on EEG neuro-emotion in the CNE group, with significant reductions in stress, engagement, and focus in the RTT test, while GTT+RTT had the positive effect on EEG neuro-emotions in the CIE group, with significant reductions in engagement and focus values in the GTT+RTT test.




Discussion

This study presented differences in EEG-based neuro-emotion responses to viewing GTT and RTT plants in the CNE and CIE groups.

First, RTT had the most positive effect on EEG neuro-emotion in the CNE group, with significant reductions in stress, engagement, and focus in the RTT test. The decrease in stress indicated that the CIE participants were in a more relaxed state. As engagement could reflect the degree of immersion, investment, or attraction (45), the decrease of engagement value suggested that the CNE participants were also in a more relaxed state. Focus was a high state of arousal, reflecting high attention (45). Therefore, the decrease in focus was a good sign in this study, indicating that the CNE participants were more relaxed with the RTT. Therefore, we could conclude that in this study, RTT was more beneficial to the EEG neuro-emotion of the CNE participants than the GTT and GTT+RTT. RTT induced a more relaxed state in the CNE participants. RTT is a kind of reddish brown plant, which has a warm tone. Therefore, we could think that warm-toned plants were more beneficial to the EEG neuro-emotion of the CNE participants in this experiment. This finding was inconsistent with some previous studies. For instance, Li et al. (37) reported that green and purple plantscapes were more effective in relaxing the body, reducing anxiety, and improving mood in university students, relative to red, yellow, and white plantscapes. Sadek et al. (38) also found that university students preferred green to green–red and green–white plants. These reports suggested that green plants can make people more relaxed than red, red–green, white–green, yellow, and white plants. In the present study, the CNE group preferred reddish brown (RTT) to green (GTT) plants. This interesting phenomenon could be due to the difference in age between the study participants. In contrast to the aforementioned studies involving college students and young adults, the subjects in our study were older people, and the two groups may have different responses to color. Jung et al. (51) found that elderly people prefer warm colors to cold colors. A color characteristics analysis showed that yellow and yellow red colors were preferred by 70% of people at a senior citizen center, which coincides with elders' preference for warm colors (52). Due to the gradual decline of physiological function, the color preference of elderly people may be different from that of young people. Thus, housing facilities for older people should consider the unique color preferences of the elderly, such as warm and bright colors like red and yellow (53). As reddish brown (RTT) is a warm color, it may have made older people feel more relaxed. This result supports that warm color plants can help elderly people feel more relaxed, but this finding might not apply to young people. Given these findings, we suggest that CNE individuals should always have warm color plants indoors or outdoors, which could help boost their emotions.

Second, GTT+RTT had a positive effect on EEG neuro-emotion in the CIE group, with significant reductions in engagement and focus values in the GTT+RTT test. As mentioned earlier, “engagement” can reflect the degree of immersion, investment, or attraction. “Focus” is a high state of arousal, reflecting high attention (45). Therefore, the decrease in these two emotion values indicated that the CIE participants were in a more relaxed state with GTT+RTT. GTT is green and cold color plant, while RTT is reddish brown and warm color plant; therefore, in this study, the combination of cool and warm colors was more beneficial to the EEG neuro-emotion of the CIE participants. This is where the CIE participants differ from the CNE participants. Colorful plants were better for the mood of the CIE participants. Wang et al. (54) reported that chromatic and achromatic colors led to different relaxation responses. Colorful plants can stimulate vison and improve sleep quality in CIE people and reduce restless behavior (55). The conclusions of these previous studies are similar to those of this study. As we all know that the gradual loss of cognitive ability and mental stability in the CIE group may produce abnormal behaviors that pose a danger to society (56), and relaxed emotion state could reduce the occurrence of destructive behaviors from the CIE individuals (57). Given these findings, we suggest that the CIE individuals should always have the combination of cool and warm color plants indoors or outdoors, which could help boost their EEG neuro-emotions.

Last, there are some limitations to this study. First, the sample size is too small. In future research, we hope to expand the number of subjects to collect more data. Second, in this study, it is not enough to only use the MMSE score and daily performance of participants to diagnose whether they have cognitive dysfunction, and future studies need to adopt more rigorous and scientific diagnostic methods. Also, the use of only two plant colors may be too few. In follow-up studies, more plant colors should be considered to explore elderly people's responses to multicolor plants.



Conclusions

In the present study, we used EEG to demonstrate significant differences in neuro-emotion responses to different color Ardisia mamillata Hance between the CNE and CIE participants. RTT had the most positive effect on EEG neuro-emotion in the CNE group, with significant reductions in stress, engagement, and focus in the RTT test, indicating that the CNE participants were more relaxed with RTT, which is reddish brown and a warm color plant, which implies that the CNE individuals should always have warm color plants indoors or outdoors, which could help boost their neuro-emotions. GTT+RTT had the positive effect on EEG neuro-emotions in the CIE group, with significant reductions in engagement and focus in the GTT+RTT test, indicating that the CIE participants were more relaxed. In this study, the combination of cool and warm colors plants were more beneficial to the EEG neuro-emotion of the CIE participants. Hence, CIE individuals should always have the combination of cool and warm color plants indoors or outdoors, which could help boost their EEG neuro-emotions.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by the College of Sichuan Agricultural University, China. The patients/participants provided their written informed consent to participate in this study.



Author contributions

JD: experimental design and manuscript preparation. XC: manuscript preparation. XL and GY: experimental design and editing. YP: experimental design and review. EF and DW: experimental design. YH: data analysis. CZ: review and editing. MJ: data analysis. AH: review. JM: experimental progress and review. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Guseh JS. Aging of the World's Population. United States: Encyclopedia of Family Studies. (2016). p. 15.

 2. Lian Y, Wu J. China Civil Situation Report. Beijing, China: China Times Economic Press. (2010). p. 166.

 3. Ageing Population Status C. Causes and countermeasures. Chi J Gerontology. (2021) 41:4. doi: 10.3969/j.issn.1005-9202.2021.18.072

 4. Banister J, Bloom DE, Rosenberg L. Population aging and economic growth in China. In: The Economic Consequences of Demographic Change in East Asia. (2010). p. 61–89. doi: 10.7208/9780226386881-005

 5. Lohr VI. Plants and the individual: a recent history. J Home Consumer Horticulture. (1994) 1:225–30. doi: 10.1300/J280v01n02_12

 6. Lohr VI, Relf PD. An overview of the current state of human issues in horticulture in the United States. Horttechnology. (2000) 10. doi: 10.21273/HORTTECH.10.1.27

 7. Shoemaker CA, Randall K, Relf PD, Geller ES. Relationships between plants, behavior, and attitudes in an office environment. Horttechnology. (1992) 2:109–12. doi: 10.21273/HORTTECH.2.2.205

 8. Shoemaker CA, Relf PD, Lohr VI. Social science methodologies for studying individuals' responses in human issues in horticulture research. Horttechnology. (2000) 10:87–93. doi: 10.21273/HORTTECH.10.1.87

 9. Talbott JA, Stern D, Ross J, Healton C. Flowering plants as a therapeutic/environmental agent in psychiatric hospital. Horticultural Sci. (1976) 50:365–6. doi: 10.21273/HORTSCI.11.4.365

 10. Fjeld T, Veiersted B, Sandvik L, Riise G, Levy F. The effect of indoor foliage plants on health and discomfort symptoms among office workers. Indoor Built Environ. (1998) 7:204–09. doi: 10.1177/1420326X9800700404

 11. Fjeld T. The effect of interior planting on health and discomfort among workers and school children. Horttechnology. (2000) 10:46–52. doi: 10.21273/HORTTECH.10.1.46

 12. Lohr VI. physical discomfort may be reduced in the presence of interior plants. hort Technol. (2000):págs. 53-58. doi: 10.21273/HORTTECH.10.1.53

 13. Park S-H, Mattson R, Kim E. Pain tolerance effects of ornamental plants in a simulated hospital patient room. In: XXVI International Horticultural Congress: Expanding Roles for Horticulture in Improving Human Well-Being and Life Quality. Toronto, ON (2002). p. 241–7.

 14. Dijkstra K, Pieterse ME, Pruyn A. Stress-reducing effects of indoor plants in the built healthcare environment: the mediating role of perceived attractiveness. Prev Med. (2008) 47:279–83. doi: 10.1016/j.ypmed.2008.01.013

 15. Weichao G, Danli H. Study on plant configuration in rehabilitation landscape design for the elderly. Design. (2018) 3:1781–93.

 16. Grinde Br, Patil GG. Biophilia: does visual contact with nature impact on health and well-being? Int J Environ Res Public Health. (2009) 6:2332–43. doi: 10.3390/ijerph6092332

 17. Hung K, Crompton JL. Benefits and constraints associated with the use of an urban park reported by a sample of elderly in Hong Kong. Leisure Stud. (2006) 25:291–311. doi: 10.1080/02614360500409810

 18. Milligan C, Gatrell A, Bingley A. Cultivating health: therapeutic landscapes and older people in Northern England. Soc Sci Med. (2004) 58:1781–93. doi: 10.1016/S0277-9536(03)00397-6

 19. Mei-ling X, Shu-hua L. A Preliminary study of the influence of horticultural operation activities on the physical and mental health of the elderly. Chin Lands Architect. (2006) 22:4. doi: 10.3969/j.issn.1000-6664.2006.06.010

 20. Zhang MW, Xiaoying Z. Explore the Leisure Environment Design of the Elderly From the Perspective of Environmental Psychology. Heilongjiang Science and Technology information (2010). p. 267. doi: 10.3969/j.issn.1673-1328.2010

 21. Zhang XX. Relationship between Bamboo Landscape Andpsychophysiological Responses of the Older Adults in Cheng Du City Park. Cheng du: Sichuan Agricultural University (2019).

 22. Hassan A, Chen Q, Tao J. Physiological and psychological effects of gardening activity in older adults. Geriatr Gerontol Int. (2017) 18:13327. doi: 10.1111/ggi.13327

 23. Jang HS, Gim GM, Jeong SJ, Kim JS. The importance of indoor foliage plants and human emotions to indoor foliage plants. J People Plants Environ. (2018) 21:155–66. doi: 10.11628/ksppe.2018.21.2.155

 24. Park SA, Song C, Oh YA, Miyazaki Y, Son KC. Comparison of physiological and psychological relaxation using measurements of heart rate variability, prefrontal cortex activity, and subjective indexes after completing tasks with and without foliage plants. Int J Env Res Pub Health. (2017) 14:1087. doi: 10.3390/ijerph14091087

 25. Whang M, Ryu E, Beyn E, Kim C. Normalized sensitivity using EEG as objective emotional index. In: Proceedings of the Korean Society for Emotion & Sensitivity Conference. (1997). p. 80–4.

 26. Gao X, Xin JH. Investigation of human's emotional responses on colors. Color Res Appl. (2010) 31:411–17. doi: 10.1002/col.20246

 27. Granger GW. Area balance in color harmony; an experimental study. Science. (1953) 117:59–61. doi: 10.1126/science.117.3029.59

 28. Sivik LCT. Colour combinations and associated meanings semantic dimensions and colour chords. Goteborg Psychol Rep. (1992). p. 22.

 29. And M, Ou LC. Influence of a holistic color interval on color harmony. Color Res Appl. (2001) 26:29–39.

 30. Wright B, Rainwater L. The Meanings of Color. J Gen Psychol. (1962) 67:89–99. doi: 10.1080/00221309.1962.9711531

 31. Hogg DJ, Goodman S, Porter T, Mikellides B, Preddy DE. Dimensions and determinants of judgements of colour samples and a simulated interior space by architects and non-architects. Br J Psychol. (1979) 70.231-42. doi: 10.1111/j.2044-8295.1979.tb01680.x

 32. Hogg, James. A principal component analysis of semantic differential judgements of single colors and color pairs. J General Psychol. (1969) 80:129-40. doi: 10.1080/00221309.1969.9711279

 33. Sivik L. Color Connotations and Perceptive Variables. AIC congress Stockholm 1969. Muster-Schmidt Verlag (1970). p. 1064-−72.

 34. Kunishima M, Yanase T. Visual effects of wall colours in living rooms. Ergonomics. (1985) 28:869–82. doi: 10.1080/00140138508963208

 35. Xin JH, Cheng KM, Taylor G, Sato T, Hansuebsai A. Cross-regional comparison of colour emotions part I: quantitative analysis. Color Res Appl. (2004) 29:451–57. doi: 10.1002/col.20062

 36. Xin JH, Cheng KM, Taylor G, Sato T, Hansuebsai A. Cross-regional comparison of colour emotions part Ii: qualitative analysis. Color Res Appl. (2004) 29:458–66. doi: 10.1002/col.20063

 37. Li X, Zhang Z, Gu MM, Jiang DY, Wang J, Lv YM, et al. Effects of plantscape colors on psycho-physiological responses of university students. J Food Agric Environ. (2012) 10:702–08. doi: 10.1016/j.jcs.2011.10.005

 38. Sadek ME, Sun M, Fujii E, Koriesh E, Moghazy E. The visual effects of plant variegation on human psycho-physiological responses. Int J Current Res. (2013) 5:2438–42. Available online at: https://www.researchgate.net/publication/308515872_The_visual_effects_of_plant_variegation_on_human_psycho-physiological_responses

 39. Fang J. Study on the Influence of Plant Color on Human Physiological and Psychological Recovery. Shenyang: Shenyang Architecture University (2021).

 40. Choi JY, Park SA, Jung SJ, Lee JY, Son KC, An YJ, et al. Physiological and psychological responses of humans to the index of greenness of an interior space. Complement Ther Med. (2016) 28:37–43. doi: 10.1016/j.ctim.2016.08.002

 41. Aspinall P, Mavros P, Coyne R, Roe J. The urban brain: analysing outdoor physical activity with mobile eeg. Br J Sports Med. (2015) 49. doi: 10.1136/bjsports-2012-091877

 42. Chang C-Y, Hammitt WE, Chen P-K, Machnik L, Su W-C. Psychophysiological Responses and Restorative Values of Natural Environments in Taiwan. Landsc Urban Plan. (2008) 85:79–84. doi: 10.1016/j.landurbplan.2007.09.010

 43. Sara T, Chris N, Agnès P, Steve C. Older people's experiences of mobility and mood in an urban environment: a mixed methods approach using electroencephalography (Eeg) and interviews. Int J Environ Res Public Health. (2017) 14:151. doi: 10.3390/ijerph14020151

 44. Neale C, Aspinall P, Roe J, Tilley S, Mavros P, Cinderby S, et al. The aging urban brain: analyzing outdoor physical activity using the emotiv affectiv suite in older people. J Urban Health. (2017) 94:869–80. doi: 10.1007/s11524-017-0191-9

 45. Lin W, Chen Q, Jiang M, Tao J, Liu Z, Zhang X, et al. Sitting or walking? analyzing the neural emotional indicators of urban green space behavior with mobile Eeg. J Urban Health.. (2020) 97:191–203. doi: 10.1007/s11524-019-00407-8

 46. Du J, Yin J, Chen X, Hassan A, Fu E, Li X. Electroencephalography (Eeg)-Based Neural Emotional Response to Flower Arrangements (Fas) on Normal Elderly (Ne) and Cognitively Impaired Elderly (Cie). Int J Env Res Pub He. (2022) 19:3971. doi: 10.3390/ijerph19073971

 47. Zeng C, Lin W, Li N. Electroencephalography (Eeg)-based neural emotional response to the vegetation density and integrated sound environment in a green space. Forests. (2021) 12:1380. doi: 10.3390/f12101380

 48. Rodríguez Ortega, Rey Solaz, Alcañiz Raya. Evaluating virtual reality mood induction procedures with portable eeg devices. Stud Health Technol Inform. (2013) 191:131–35.

 49. Roe JJ, Aspinall PA, Mavros P, Coyne R. Engaging the Brain: the impact of natural versus urban scenes using novel Eeg methods in an experimental setting. environmental sciences. Vol. (2013) 1:93–104. doi: 10.12988/es.2013.3109

 50. Wang Zhengyu, Mingyuan Z. Application of Mmse in Chinese Version. Shanghai J Psychiatr. (1989) 7:108–111.

 51. Jung C, Mahmoud NSA, El Samanoudy G, Al Qassimi N. Evaluating the color preferences for elderly depression in the United Arab Emirates. Buildings. (2022) 12:245. doi: 10.3390/buildings12020234

 52. Choi Y, Park HK. A Study on the characteristics of color environment for silver halls based on color preference of the aged - focusing on Busan Metropolitan City. J Korea Soc Color Stud. (2019) 33:22–32. doi: 10.17289/jkscs.33.1.201902.22

 53. Yu Y. Research on Color Design of Interior Space in Nursing Home [master thesis]. Guangzhou: Guangzhou University (2020).

 54. Hwang M., Kwon, Mahnwoo. A study on Eeg arousal effect on stimulation of color - focusing on the measurement of A-wave against B-wave. J Integrat Design Res. (2018) 17:63–72. doi: 10.21195/jidr.2018.17.4.006

 55. Dong X, Chen G. Discussion on the effects of music therapy on improving cognitive, behavioral problems and depression in the elderly with dementia. Evid Based Nurs. (2007) 10:309–18.

 56. Ning T. Predicament and Countermeasures of providing for the aged with dementia in China. Chin J Gerontol. (2017) 37:3092–93.

 57. Gonzalez MT, Kirkevold M. Benefits of sensory garden and horticultural activities in dementia care: a modified scoping review. J Clin Nurs. (2013) 23:2698–715. doi: 10.1111/jocn.12388



OPS/images/fpubh-10-955393-t001.jpg
v ® N o

82
80
83
86
82
80
85
81
83

Gender

M

CNE

Education

No
Primary
Secondary
No

No
Primary
Primary
Secondary

Primary

MMSE score

20
21
2
19
18
24
27
26
23

Age

90
89
88
81
84
83
82
81
80

Gender

m oz omomomom

CIE

Education

Primary
Secondary
No
Secondary
Primary
Primary
No
Primary

Secondary

MMSE score

14

13
20
18
19
12
17
17

DMI

Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

Moderate





OPS/images/fpubh-10-955393-g003.gif
EEG GTT Test (Smin)

Blank Test

ki _& g

aE . &
i) o ) -
o =
JI -
©  EEG GITSRIT Tex Gmin) ©  EEG RTT Test Gmin)
| ;

e
2e10






OPS/images/fpubh-10-955393-g004.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Neuro-emotions based on electroencephalograph response to different color Ardisia mamillata Hance plants in elderly people with and without cognitive impairment



		Introduction



		Plants and human health



		Plant color and human emotion



		Study of neuro-emotions based on electroencephalograph



		Participants



		Plant materials



		EEG measurements



		Procedure



		Statistical analysis







		Results



		Differences in neuro-emotion value







		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Neuro-emotions based on
electroencephalograph
response to different color
Ardisia mamillata Hance plants
in elderly people with and
without cognitive impairment





OPS/images/fpubh-10-955393-g001.gif
o »3 9
20 o5 B5





OPS/images/fpubh-10-955393-g002.gif
EEG Headset









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





